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Clinical Article 



Endovascular Treatment of Aneurysms Arising from 
the Proximal Segment of the Anterior Cerebral Artery 

Jun Kyeung Ko, M.D., Ph.D.,^ Seung Heon Cha, M.D., Ph.D.,^ Tae Hong Lee, M.D, Ph.D,^ Chang Hwa Choi, M.D., Ph.D.,^ 
Sang Weon Lee, M.D., Ph.D.,^ Jae II Lee, M.D.^ 

Department of Neurosurgery/ Diagnostic Radiology,^ Medical Research Institute, Pusan National University Hospital, Busan, Korea 
Department of Neurosurgery,^ Medical Research Institute, Pusan National University Yangsan Hospital, Yangsan, Korea 

Objective : Aneurysms arising from the proximal segment of the anterior cerebral artery (A1) are rare and challenging to treat. The aim of this study 
was to report our experience with endovascular treatment of A1 Aneurysms. 

Methods : From August 2007 through May 201 2, eleven A1 aneurysms in eleven patients were treated endovascularly Six aneurysms were un- 
ruptured and 5 were ruptured. One patient with an unruptured A1 aneurysm presented with subarachnoid hemorrhage due to rupture of an anterior 
communicating artery aneurysm. Procedural data, clinical and angiographic results were reviewed retrospectively 

Results : All of the aneurysms were successfully treated with coil embolization. Six were treated with a simple technique while the remaining 5 re- 
quired adjunctive technique : double catheters (n=2), balloon-assisted (n=2), and stent-assisted (n=1).The immediate angiographic control showed 
a complete occlusion in all cases. Procedure- related complication occurred in only one patient : parent artery occlusion, which was not clinically 
significant. All patients had excellent clinical outcomes but one patient was discharged with a slight disability No neurologic deterioration or bleed- 
ing was seen during the follow-up period in this cohort of patients. Follow-up angiography (mean, 20 months) was available in ten patients and re- 
vealed stable occlusion in all cases. 

Conclusion : Endovascular treatment is a feasible and effective therapeutic modality for A1 aneurysms. Tailored microcatheter shaping and/or ad- 
junctive techniques are necessary for successful aneurysm embolization because of the projection and location of A1 aneurysms. 

Key Words : Endovascular treatment • Intracranial aneurysm • Anterior cerebral artery aneurysm. 



INTRODUCTION 

Al aneurysms are located in the proximal segment of the an- 
terior cerebral artery (Al), between the bifurcation of the inter- 
nal carotid artery (ICA) and the anterior communicating ar- 
tery These aneurysms represent less than 1% of all intracranial 
aneurysms but they are challenging to treat because of their 
small size and close relationship with perforators^'^^'^^\ With ad- 
vances in endovascular techniques, coil embolization of rup- 
tured and unruptured intracranial aneurysms has evolved rap- 
idly and has become an efficient treatment technique compara- 
ble to surgical clipping. However, very few reports about the 
endovascular treatment of Al aneurysms have been published, 
and the effectiveness and safety of this treatment has not been 
well-defined. In this study, we present 1 1 cases which were 



treated endovascularly for Al aneurysms and describe clinical 
and radiologic outcome. 

MATERIALS AND METHODS 

Patient 

Between August 2007 and May 2012, we retrospectively ana- 
lyzed the angiographic and clinical records of all patients who 
underwent endovascular treatment for Al aneurysms at our in- 
stitution. Patient demographic data and characteristics of the 
aneurysms are provided in Table 1. Eleven Al aneurysms in 
eleven patients were treated endovascularly. There were four 
males and seven females with mean age of 55.6 years (range, 29 
to 77 years). Dissecting or fusiform aneurysms, aneurysms asso- 
ciated with brain arteriovenous malformations and mycotic an- 
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Table 1 . Patient demographics and aneurysm characteristics 



Patient 
No. 


Age/Sex 


Location 


Direction 


An size (mm) 


An neck size (mm) 


Additional An 


H-H grade 


1 


47/F 


Left proximal Al 


Posterior 


3.5 


1.7 


None 


0 


2 


64/F 


Left distal Al 


Anterior 


5.3 


1.9 


None 


0 


3 


66/F 


Right distal Al 


Inferior 


3.3 


1.2 


1 


0 


4 


69/F 


Right distal Al 


Inferior 


2.0 


1.5 


1 


0 


5 


59/F 


Right proximal Al 


Posterior 


3.4 


1.3 


None 


0 


6 


43/F 


Right proximal Al 


Posterior 


4.2 


1.2 


None 


2 


7 


49/F 


Right distal Al 


Inferior 


2.9 


1.0 


None 


2 


8 


67/M 


Right middle Al 


Superior 


4.8 


1.8 


1 


2 

(SAH from another An) 


9 


29/M 


Left proximal Al 


Superior 


5.8 


1.9 


2 


3 


10 


42/M 


Right middle Al 


Superior 


16.8 


3.5 


None 


4 


11 


77/M 


Right proximal Al 


Superior 


6.2 


1.2 


None 


4 



An : aneurysm, H-H : Hunt and Hess, A1 : the proximal segment of the anterior cerebral artery SAH : subarachnoid hemorrhage 



eurysms were excluded from this study. Six aneurysms (54.5%) 
were unruptured and 5 (45.5%) were ruptured. Six patients 
(54.5%, 6/11) presented with acute subarachnoid hemorrhage 
(SAH) from an Al aneurysm (n=5) or another aneurysm 
(n=l) : One patient with an unruptured Al aneurysm present- 
ed with SAH due to rupture of an anterior communicating ar- 
tery aneurysm (Patient 8). 

Four patients (36.4%) had multiple aneurysms : One patient 
had 3 aneurysms and the others had 2. Of these multiple aneu- 
rysms (n=5), 2 aneurysms were treated endovascularly at the 
same time during coil embolization of adjacent unruptured Al 
aneurysms (Patient 4, 8). 

Regarding the aneurysmal direction, 4 aneurysms projected 
superiorly (36.4%), 3 projected posteriorly (27.3%), 3 projected 
inferiorly (27.3%), and 1 projected anteriorly (9%). With re- 
gards to aneurysmal location, 5 aneurysms were located in the 
proximal Al segment (45.5%), 4 were located in the distal Al 
segment (36.4%), and 2 was located in the middle Al segment 
(18.1%). Eight aneurysms were located on the right and 3 on 
the left side. Aneurysm and neck size measured by conven- 
tional angiography ranged from 2.0 to 16.8 mm (mean 5.3) and 
from 1.0 to 3.5 mm (mean 1.7), respectively There was one 
large thrombosed aneurysm (Patient 10). 

Six patients with SAH were clinically assessed at admission 
using the Hunt and Hess grade; three patients (50%) were grade 
II, two (33.3%) were grade IV, and one (16.7%) was grade III. 

Endovascular procedure 

Indications for endovascular treatment were assessed for every 
patient by both an interventional neuroradiologist and a vascular 
neurosurgeon. Informed consent for all interventional proce- 
dures was obtained from either patients or their guardians. Five 
patients without SAH received dual antiplatelet medication in- 
cluding 75 mg of clopidogrel daily and 325 mg of acetylsalicylic 
acid (ASA) daily over 3 days or a loading dose of 300 mg of clopi- 
dogrel and 325 mg of ASA at least 12 hours before the procedure. 



For the patients presenting with SAH, dual antiplatelet premedi- 
cation was not prescribed because of the risk of rebleeding. 

Systemic heparin was administered in the following manner : a 
bolus of 3000 lU of heparin was administered intravenously at 
the beginning of the procedure in cases of unruptured aneu- 
rysms or after microcatheter placement into the aneurysms in 
cases of ruptured aneurysm. An additional 1000 lU bolus of hep- 
arin was administered every hour to maintain an activated clot- 
ting time (ACT) of longer than 250 seconds throughout the pro- 
cedure. Every coaxial catheter-flushing fluid was mixed with 
heparin at a concentration of 1000 lU of heparin per 1000 ml of 
saline. In aU patients, after the procedure, dual antiplatelet therapy 
of clopidogrel and ASA was also maintained for at least 3 months. 

AU therapeutic procedures were performed through the right 
femoral artery under general anesthesia. Electrocardiogram, ar- 
terial oxygen saturation, and blood pressure were appropriately 
monitored. Digital subtraction angiography (DSA) on a biplane 
neuroangiography unit (Axiom Artis; Siemens AG, Munich, 
Germany) was performed to evaluate the geometry of the aneu- 
rysms. The size of the aneurysm and parent artery was automat- 
ically and manually measured. After diagnostic angiography, 
baseline ACTs were obtained prior to the procedure. A 6 Fr guid- 
ing catheter (Envoy; Cordis Neurovascular, Miami, FL, USA) 
was positioned in the mid-cervical or petrous ICA, and pre-pro- 
cedural angiograms were obtained in orthogonal planes. 

A simple technique, using a single microcatheter, was chosen, 
and tailored microcatheter shaping was necessary in most cas- 
es. A "S-shaped" or "Z-shaped" microcatheter tip was helpful in 
achieving effective and stable tip positioning in the sac, and in- 
serting coils without early kick-back of the microcatheter. If, 
however, the simple technique could not be used, adjunctive 
techniques (double catheters technique or balloon-assisted or 
stent-assisted) were used to achieve a satisfactory anatomical 
outcome. Balloon catheters used were the single lumen type 
(HyperForm; ev3 Neurovascular, Irvine, CA, USA). In one case, 
a self-expanding Neuroform stent (Boston Scientific/Target, 
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Fremont, CA, USA) covered a neck of Al aneurysm at the same 
time during stent-assisted coil embolization of an adjacent ante- 
rior communicating aneurysm (Patient 4). CoHs of appropriate 
sizes and shapes were selected according to the target aneurysm. 
We inserted the coils within the aneurysm as densely as possible, 
or until another coil could no longer be inserted, without com- 
promising the parent artery lumen, even after angiographic 
complete obliteration was achieved. After the procedure, multi- 
ple angiographic projections were obtained to assess the result. 
If there were no complications on final angiography performed 
after 10 minutes, we completed the whole procedure. 

Immediately after the procedure, a complete neurological ex- 
amination was performed with all patients by a vascular neuro- 
surgeon, and aU patients underwent non-enhanced brain comput- 
ed tomographic (CT) scan for evaluation of possible hemorrhagic 
complications. 

Analysis 

Immediate and foUow-up angiographic results were analyzed. 
The rate of occlusion was classified as complete if there was no 
contrast filling of the sac and neck of the aneurysm, as near-com- 
plete if there was slower contrast filling in the neck of the aneu- 
rysm, as partial if there was any degree of contrast filling within 

Table 2. Angiographic and clinical outcome 



aneurysm sac. Clinical results were assessed upon discharge firom 
hospital or at the last clinical visit using the modified Rankin 
Scale (mRS) as follows : 0, no symptoms at all; 1, no significant 
disability; 2, slight disability; 3, moderate disability; 4, moderately 
severe disability; 5, severe disability; and 6, dead. Complications 
were defined as all adverse events related to the procedure and 
were studied retrospectively using medical and operative reports. 

RESULTS 

Procedural results and complication of the treatment are 
shown in Table 2. All of the aneurysms were successfully treat- 
ed with coil embolization. Six aneurysms were treated with a 
simple technique. The five remaining aneurysms required ad- 
junctive technique : double catheters (n=2), balloon-assisted 
(n=2), stent-assisted (n=l). 

No procedure-related distal thromboembolism, aneurysm 
rupture, or death occurred in any patient. Procedure-related 
complication occurred in only one patient; parent artery occlu- 
sion, which occurred during treatment of large thrombosed Al 
aneurysm using double catheters technique in the tenth patient 
(Fig. 1). Because we have concerned about occlusion of the par- 
ent artery due to coil extrusion or thrombus migration before 



Patient No. 


Used technique 


Procedural 




Angiographic results 


mRS 


complications 


Immediate 


Follow-up 


1 


BAG 


None 


Complete 


Stable occlusion at 35 months MRA 


0 


2 


DCT 


None 


Complete 


Stable occlusion at 4 months MRA 


0 


3 


Simple coiling 


None 


Complete 


Not available 


0 


4 


SAC 


None 


Complete 


Stable occlusion at 10 months DSA 


0 


5 


Simple coiling 


None 


Complete 


Stable occlusion at 21 months DSA 


0 


6 


Simple coiling 


None 


Complete 


Stable occlusion at 3 months MRA 


0 


7 


Simple coiling 


None 


Complete 


Stable occlusion at 6 months DSA 


0 


8 


BAC 


None 


Complete 


Stable occlusion at 65 months MRA 


0 


9 


Simple coiling 


None 


Complete 


Stable occlusion at 46 months DSA 


0 


10 


DCT 


PAO 


Complete 


Stable occlusion at 22 months DSA 


0 


11 


Simple coiling 


None 


Complete 


Stable occlusion at 6 months DSA 


2 



mRS : modified Rankin Scale, BAC : balloon-assiated coiling, MRA 
DSA : digital subtraction angiography, PAO : parent artery occlusion 



: magnetic resonance angiography, DCT : double catheters technique, SAC : stent-assisted coiling, 
characteristics 



















J , ® 







Fig. 1 . Patient 1 0. Images of 42-year-old man with a ruptured large thrombosed aneurysm of right A1 . A and B : Unsubtracted and subtracted images 
of conventional angiography shows a large aneurysm arising from mid-A1 . Contrast retention (white arrow) and filling defect (black arrow) in the an- 
eurysm imply a considerable amount of thrombus. C : Unsubtracted images acquired immediately after coiling reveals total occlusion of the aneu- 
rysm sac and the ipsilateral A1 . D : Left internal carotid angiogram demonstrates sufficient flow of the right anterior cerebral artery provided through 
the anterior communicating artery. 
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procedure, balloon test occlusion was performed to assess the 
risk of stroke and the patient was tolerable. The post-procedure 
angiogram confirmed total occlusion of the ipsilateral Al with 
no opacification of the sac and collateral circulation distal to oc- 
cluded Al provided through the anterior communicating ar- 
tery. The patients post-operative period was uneventful. 

All patients had excellent clinical outcomes but one patient 
was discharged with a slight disability. In six patients with SAH, 
five had no symptoms at discharge (mRS 0). One elderly pa- 
tient with a ruptured Al aneurysm was in poor clinical condi- 
tion (Hunt and Hess grade 4) at admission, nevertheless dis- 
charged with mRS 2 disability (Patient 11). Five patients without 






Fig. 2. Patient 1 1 . Images showing a ruptured aneurysm of right A1 . A : Computed tomographic ex- 
amination from a 77-year old male patient with acute ganglionic hemorrhage. B : Conventional an- 
giography shows a right small A1 aneurysm with a small neck. The aneurysm is superiorly located 
on the parent artery, just a few millimeters after the internal carotid artery bifurcation. C : Roadmap 
image shows that accurate aneurysm selection with S-shaped microcatheter (arrow) is done and 
guiding catheter is placed in petrous ICA as distal as possible. D and E : Unsubtracted and subtract- 
ed images acquired immediately after coiling reveal complete occlusion of aneurysm. F : The 6 
month follow-up angiogram reveals stable occlusion of the aneurysm. 



SAH returned to their previous jobs and remained symptom 
free. The overall clinical follow-up time ranged from 6 to 65 
months (mean 32.7 months). No neurologic deterioration and 
hemorrhagic complication occurred during the foUow-up peri- 
od in all patients. 

The immediate angiographic control showed a complete oc- 
clusion in aU cases (100%). Follow-up imaging evaluations with 
conventional angiography or magnetic resonance angiography 
(MRA), 3 months or longer after endovascular therapy were 
available for 10 patients. The mean radiological follow-up peri- 
od was 20 months (range, 3 to 65 months). The overall follow- 
up angiographic outcomes revealed stable occlusion in aU cases. 

No patient underwent additional treat- 
ment during the foUow-up period. Rep- 
resentative cases are shown in Fig. 2, 3. 

DISCUSSION 



Al aneurysms are relatively rare, ac- 
counting for only about 1% of aU cere- 
bral aneurysms^'^^'^^l Because of their lo- 
cation, small size, and close relationship 
with perforators, Al aneurysms were 
usually treated via craniotomy. There 
have been several reports on Al aneu- 
rysms treated with craniotomy and 
overall surgical results were favor- 
^1^1^1,2,4,5,8,11,15) ^ ^^^y Qf 20 patients 

with 18 ruptured and 2 unruptured Al 
aneurysms, Lee et al.^^^ reported their 
surgical outcomes as follows : good re- 
covery in 15 patients, moderate disabil- 
ity in 2 patients, severe disability in 2 
patients, and death in 1 patient. Suzuki 
et al.^^^ studied the largest series of 38 
patients with Al aneurysms (10 rup- 
tured and 28 unruptured), those who 
had undergone direct surgery and re- 





Fig. 3. Patient 1 . Images of 47-year-old woman with an unruptured aneurysm of left A1 . A : Diagnostic angiography demonstrates a posteriorly pro- 
jecting saccular aneurysm arising at left proximal Al . Catheterization of aneurysm sac was achieved using a steam-shaped microcatheter in an 
"S-shape", but compact packing of the aneurysm was not possible due to early kick-back of the microcatheter. B : HyperForm balloon is positioned 
across the aneurysm neck to stabilize the microcatheter. And the first coil is inserted into the aneurysm with the balloon inflation and bridging the an- 
eurysmal neck. C and D : Unsubtracted and subtracted images acquired immediately after coiling demonstrate dense, complete occlusion of the an- 
eurysm without compromising the parent artery. 
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ported that 28 patients showed excellent operative results, 6 
showed good results, 1 showed a fair result, and 3 patients died. 
On the other hand, they represent a technical challenge for sur- 
gical clipping due to the frequent adherence of basal perforating 
arteries to the aneurysm and thus carry a morbidity of 10-18% 
depending on the case series^^'^^l 

With advances in endovascular techniques and devices, coil 
embolization of ruptured and unruptured intracranial aneu- 
rysms has evolved rapidly and has become an efficient treat- 
ment modality comparable to surgical clipping. However, there 
are few reports on the endovascular treatment of Al aneu- 
rysms, apparently due to the rarity of these aneurysms^'^'^°'^^\ 
Lubicz et al.^^^ treated six Al aneurysms with endovascular coil- 
ing and reported good clinical and anatomical results. They 
emphasized importance of adjunctive techniques (the use of a 
balloon or the retrograde approach) to achieve a satisfactory 
anatomical outcome, because of the location, small size, and close 
relationship with the perforating arteries of such an aneurysm. 
More recently, Chang et al. reported the results of 13 cases of 
Al aneurysms treated with endovascular treatment with excel- 
lent outcomes. 

The present study results show that endovascular treatment 
of Al aneurysms is feasible and associated with excellent clini- 
cal and radiological results, with one procedural complication. 
Interestingly, this complication, parent artery occlusion, occurred 
during endosaccular coiling of a large thrombosed Al aneurysm. 
Fortunately, because parent artery occlusion was expected to 
some extent preoperatively, the clinical result was tolerable like 
the result of balloon test occlusion. A large aneurysm arising 
from Al is extremely rare, and to our knowledge, this is the sec- 
ond case of large thrombosed Al aneurysm treated endovascu- 
larly^\ So we guess that this case was an exceptional aneurysm 
arising from Al. 

In four cases of ruptured Al aneurysms except large throm- 
bosed one, the maximum diameter of these aneurysms was less 
than 6.2 mm. In a large number of aneurysm cases, the average 
diameter of the ruptured aneurysms was reported to be 8.2 
mm^\ The median diameter of our four SAH cases was 4.8 mm; 
significantly smaller than the majority of those reported in the 
literature. Wakabayashi et al.^^^ reported the average diameter in 
8 ruptured Al aneurysms was only 3.6 mm, which was as small 
as in our series. Thus, they emphasized that Al aneurysms tend 
to rupture at a smaller size. We agree with the significance of 
this fact. 

Besides this specific feature of the size, the literature notes sev- 
eral unique clinical characteristics of these aneurysms : frequen- 
cy in young adolescents, in males or on the right side, fragility of 
the aneurysms, frequent ganglionic hemorrhage, vascular anom- 
aly, fiisiform shape and/or multiplicity of aneurysms^'^'^^'^^\ Our 
series have similar tendency of previous reports. In our cases, 
there are four patients (36%) with multiple aneurysm, right side 
dominance (8 of 1 1 cases, 73%), and one patient (9%) with a 
vascular anomaly of accessory middle cerebral artery (Patient 



2). Our series also had a higher rate of ganglionic hemorrhages 
among SAH because of ruptured Al aneurysm (2 of 5 cases, 
40%). There was no case of a fusiform aneurysm in our series. 
Dashti et al.^^ reported 2 cases of fusiform aneurysm out of 23 
Al aneurysms. It was almost impossible to salvage aU perfora- 
tors due to the long segmental involvement of the fusiform an- 
eurysm. Chang et al.^^ advised segmental occlusion in that case 
rather than stent- or balloon-assisted endosaccular emboliza- 
tion to result in an excellent clinical outcome. 

Even if a key point in the direct neck clipping of Al aneu- 
rysms is to preserve the perforating arteries around the aneu- 
rysms, the key factors in the endovascular treatment of Al an- 
eurysm are effective and stable microcatheter tip positioning in 
the sac, and the coil insertion without kick-back of the micro - 
catheter tip^'^'^"'^^\ The complicated geometry of an aneurysm 
formed by the acute angle between the terminal segment of the 
ICA and the Al segment makes it challenging to insert the mi- 
crocatheter tip into the aneurysm sac^'^^'^^\ Furthermore, if the 
microcatheter guidewire enter Al origin, then it must immedi- 
ately be turned in the opposite direction to enter the aneurysm. 
Even after successful selection of the aneurysm, the microcath- 
eter is prone to kick back due to instability. Various adjunctive 
techniques have been introduced to overcome these complicat- 
ed angio-architectures during the endovascular treatment. Lu- 
bicz et al.^^^ used balloon assisted coiling and/or a retrograde 
approach via the contralateral ICA through the anterior com- 
municating artery in order to safely catheterize Al aneurysms. 
But, this method might be restricted to some cases according to 
the condition of contralateral Al or anterior communicating 
artery. Lee et dl}^^ reported a "Z-shaped" microcatheter tip was 
helpful in achieving stable microcatheter tip positioning for Al 
aneurysms, especially located at the proximal portion of the Al. 
We could achieve complete occlusion in most cases, using the 
relevant combination of appropriate shaping of the microcathe- 
ter and double microcatheter technique. These methods per- 
mitted accurate positioning and support of microcatheter dur- 
ing the procedure, even though balloon was necessary in two 
cases. 

The limitations of this study include its retrospective design, 
patient-selection bias, limited number of cases in one institution, 
and the relatively short angiographic foUow-up period. Besides, 
more Al aneurysms were clipped or not treated for various rea- 
sons, which may also have imposed a bias on the results. How- 
ever, aU these data suggest that endovascular treatment for Al 
aneurysms seems to be feasible, safe, and effective. 

CONCLUSION 

Our preliminary experience demonstrates that endovascular 
treatment for Al aneurysms is feasible and safe. Endovascular 
treatment appears to be a good therapeutic option for Al aneu- 
rysms. These aneurysms are associated with multiple lesions 
and are less prone to recanalization because they are small and 
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sidewall aneurysms. Tailored microcatheter shaping and/or ad- 
junctive techniques are necessary to achieve successful aneu- 
rysm embolization. However, more adequate follow-up studies 
are required to evaluate its long-term results. 
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